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f'\iwnt.r-t110 <i4._,..,...,t·111CmCll'"lt'd .lllt1 111n.LD11 
c.r-utamt:1 hll ¥ lllrUJ • 1 n~- ~troul!I ia ac.e-a L rw tJw 
1f fects OIi !;)'llr toaJ bad lrlt:I l"DIIC' l~•C. I.. Vrt 1 ~l 
r ,...C!t ir" 1 n tm cooll bil cs. vr1- d• c..r ru :il• rDI" a01 c. 
tr«.a.t•IIPl':.1 I a:n d t,Ql"l:;ont.,IJ, rra~ir- ..... prMc\C. 1 n, 
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rr-utirn ;iwrt YSUlLllJ a.t»rt Ln l•tru. •r.mt., 
llir L 1Z1nc_111 rraot ir r.11 11.-, prurlll.l 1 t oindl 111 t:1'11.n 
l!lilldd! "- pll:le , •m r.; Ollllllal\l. J on. ~ll ~ tm coll Dad. 
El'li»nCil al!' :st-1111.11n1ao riuLo aoffllallt c:r:>Ulcl 
p11.,-&111 ta tr•oed t.,ona uw 111.aK1.a1a e_lft.1Dt ot' 
aMd•fU llti'I rra01.ira wl'W?I r:ual"'UOIOC paint w.q 
•du Cl to t."11 c.r-aaumc t1 LU m. lllnetr-a't.1 OIi or 
at rat & Dffl"l 11 n& QO-l,l ':111~ IIQI ot.lller ._11 L n n•l.l"l J 
hal r or i:,w tl"H't:ll'"i:.:s Ln::.•cwpcr:i. '-'= or r.bu• 
occi.rl"'et, Ce.5 !'la.,. been L m:w pj'"l't1-d to bit Pll\t'tr-&U ons 
lnt:11' jol ~t.s DI" oi:.i.r- ll"'Nl11nln& 111&11• ol' 

t.r""i»J:;i.ral a11Cnesa. IIO roar r&_U Ci" &G,tcr3• 
•iruo& co"'11..Ltaam ..,_. mcaLA'l't._.H tMt mll.lod bll 
ar.r.rt but-« co t.m 1raa1U..atLC111a. 

.a. tot;-11 ar 22 OD" rallQt.-.,p;1r11or I'd -' t.11Mil u l on 
r.r-11a_~a,y J.o co&! I» t-•""• bll~ ln.\e:-ce~lt1! a, 
•.L Bl 1!'11 • ':",,tnt ,-on,. at t:1~• Inc. ar ca,i;n. ~ ont, .. l n 
':.ta E c.ern UnLt.l'O St.atao (,o Ln. Fwn.'1-SJl"•ru•, 'T !n 
Al.1b&1u, ? Ln ij"t, 'lll"'IJJ."ll, and I UCll Ll'II C ll1r:iol• 
&I\ II 'f lr1! nl ,. ) 1 w 1 on, J. r. U'III Wa tlT"l:I Uol tei, 3U't. 
(Ut,&h) "ilU _..J labU ror lm•sr::&culcio. il'YUe 
unOff'VDllr\CI Lnt.l!l"Cll~la~ ~¥· pt'Q--ldl!d I wilqu 
D1l':IOl"C:IIIL~1 to OJllti"¥e lllr•~l'I' tbll olt't. '.Jal tffH~JII 
of r.;t'il l!IUIWlatJ.on ':.rHtn~'t.i oa co-.imca .and 
,~,.o"1[1d1 rt.t: 1trec.a. -ni. ,-.,port: :311'!:&lla 
OCllerlf"•'t.Jan,:i pil"•"IOWl~ll' !ll'l!!lle'Jl'te:I l l\ 'larlDWI r 
t,y t_t,a ~"'~fam_t md 1 innt.roaci:.ar3, ~ w't!ll 
lnfm-..111,Lon mt ?w.r•'t.at'crlf r1-por-u'l'l, 

rn. 9..u-e&u or l'l!n.e Ma denlai:i-~ .. <qru 
c; ecruu QUa , l n.i:-11.Ml L ~, uw ,e :if' l1QI" L ;.oni:..i and 
,,rtt L cal bc,1""11t11Gl a , to !'..Off pJ r re. a::i.al beqa ~ 

11il.¥-.a.n~ or alriln&• IWL mn.ul tior- holes di!'IUN 
r rm IJl\otrvovuz vir 111 nss .u part vr- u. l 'U ll& 
c:,.-c:u hait" ~ttn :111o,,11.1 t.o tile .,.r., e_rrlNlt• w Ln 
pr-o~ldJa1 .sna..c-o:itni, •-diill'l:e l'"all•f r,.QI ... .,. 
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wt ii 11 'I ll CCfliDl:.•C l n l::Ja CC:UU •I nlng lndl.l!I t.l"ll' , bi.I. l t 
oo,n r•q\l Lr-• icl m• a;ior u 111 t I~ i:.o l nr. "S"' .u. • "Ill 
w-11 LI n& a.nd s ut:a•qu l\t p:s lY" al 11.1~ .aBII cs l ::11 Pi!IH I 
1nt.o tl:111 ••ne auelOfamt pL1111, 
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fr':.lt!lll b;r-1-.not• Cll"i bl ;iLa.Cll(I ~•nir1l >'II.I"!! 

111 &(I VZICI Qf' .. nl n1 t.o predr I LJ\ .... :roat OC>a.l NC::11 
D'PV r•luL ... i, 1.111"1'11 ..,...~ {T- I IJ. ~ "ter:!cal 
baf'ttl'IOh ttt~lll'II• t'.a:s thl HdHta:n.al UY&nt&p 
OttlJr IDrl m11U.l bor1J111lN o_t olllCMll'II lfDrk t.i, 

pit.rfDf'9el! on t:ie !Hrr' LrzstH4 ot L:1 UJII i 
r-e tro: et: t 11,a ;ndervo~a en'l1 roe,1uoi:: • ~ Htr • 
euiapt. tor itl':a .r111t.ha1y 1e11 :sale vr.r.J.ca.1 
.:)Df"•l'lel ir p-av,au tor ':11:Jt.l"I al n.e :sa! 10: 1 1m1 
OQllaerol•l 1&11 pr11<1uct..lan ta 1:.hl BUcli 'tlarrLc,o 
llu! n or Ullaaa (T, 9, a, )1 t: tw ~echni c,.L« l'IQ t1i! en 
i,idef"Ul:, L 11 :ei:i. ~ pr l aill" ! l"'Haon l°"CII" t!tl Ii aea.5 
~ OI 111 .;xabl 111t.l oo or tM 1110011C11. :? eonw. o: lams , n 
thl! ooai J !)fl~ t.rr, 1 •aat qu "u nns :o t.:. 

1\-.rsJ'Ll p a( CCal ba-J p.a. And 1:.1:ia C"tAi'" or DCIC 
G.-itll frQI ';Jw a~taul•~Lcin tre~1:,ai1n~1. n,a 
qu,esc.aoi, oC i:,otanit:141 l'"OOr dUl..ap 1!I an l 11:ior:.ant 
ooruitd4r•i::lon &dilf• .e-cl Ln ':.f\la pap,e-..-. 

Uodar_ret\rld e .. •laa~ LCll'I of uau .r-r-oini:Lnr 
borehDla ~1111, '1.ln ta.n ai:.illWl.ac..u c.o t :ia"•ll.!I• 
P,-oCllctti:111'1 rra =._ ma, 15 an L•porr.at sc.•p I n 
daHlllPLlll 11"rLol•11t. 1t.1alll,1tlon c.r11t..ll«r,t11 ~l'lolt o!O 
not AG'tr:nJ.J at'r•~ alr.ta1. &y 'Olr1,;:tJ.1 Ob!lr.•ln., 
tl:M et'tacu or , parc. L c,l&l .ar Ii:; Lall.I. o1't to:, 1:11 l tn oo 1 

.ool.lDed .an.d 1irrc11.,nd!na atl<at.a and efl'llua~L:1i ~llil 
ota .. n.t l on• & n amJ lftC't L ~ ,. LU\ ~rv>,.Oul!I arol 01 c 
dml'°ll~lltf'U,liC,LDn, nlUlble ln!"Clr'll.lt.LOn ar. 1111 
otx.•l 11~Cl, epe-cL.allJ early 1 n t.Jlt 1J••1lo1D9"'- 1:";:ip!I 

or a ••Lblrtll df'li Ul1! IF D&r all, 1\ la L pll<f't.iltl!: ta 
!'IOU tt•t '1111.ar.: L1 HIil uodl!1'VounG l-S '»Pl!l'l~nt. ·u;ion 
t.Jltr ..,. ea 41po1 I-cl ttr •I nJ nw: •na ~ ha c 1111 :ii or 
ol>sll!"'l'll't10ID !n r«11tlo11 ,o 'I.hit ~1t,1nc:, or .. trL 
01n1,0141J o-n!:!11 11 weH,,111" at CDa.L ll rdor-:1, .,111~nLn1 
mM.a1H~ L"-1 t.ruri:. i;,ou L11 r!Jl"Htt- lost l"O!:' ~~r-e-ct 
1Qa1 Mt tan,. 

Mn1 ,., tJw ,_._. o-t. er OCIIIIP!.«tton., 
tr-.at••n\. llllil • L n .. Wou~ .:11.t I IIOC'l .at ell .. . Lil 
-t ot :.IM ,u.~H-LIJl\S. 01\lJ. 5f"OOP'1 r;,f t~ 
"'"Id r;.a fr-<11 ;aU t.,._ _s tL •Ill•~ L DtrU! QJ1 bl ii.- u er..t.111 
ti.r ". .I.dill t L anal ae~al L lti1 I ,r C!""llu. l on can tie 
o be. a.L r,lt'd I" ~he •r 1!1"111"1~ p,.iQJ. I at.Lona , CR" 1 n 1 

1111¥ !!lir••u ot Mlnes aaapllat.LQII .v,g an pt, ar al. 
1111-rt I l'Htlllt. •ta ol:HMI .,~a ,1 Lu, t.lW .u trH t.aettt.s 
[ I ~). 

Jha ia"l~r-voun,c otieitr•J11Uoret h.l'i1' rnul.1'12 a 
¥111' Let:, or a::1011.l tL t>'lll -,1r11-t n1 rr111 ... 1,ea L n 
nr t L cal 1r. 11 bar l :rz:,,i~.i un d- r U l 1111!1 •ndl or 
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r1uor .. aa"t-palnt-aoatad r~aatires c.o no dt.!lcernlbl• 
l'raec...-... A • ......,7 r;r 'tM "::l'Ht.aent ,ar-metara 
11t1d 1a1lier VOiatd ,obit«- !l'J.t L on:i I tS Hl'I In C.Abl es , 
HI.I 2. Elll!lt or • C.l"U.Ca.nl.11 LMludad c.ne 
•~!! L t L Oil er fl LEll"ac:?r.il. pa n!: as A."! • L d l n. L ocat L "I 
u~ ••PP~n1 "tw p&t~ a{ tl11La. IIClr-«ii:. L11 trie 
u:po•ed oo.i IMUll el'd ~1rl"'o1rid.l n1 :Wt.r a:a, 

V•rUea-1 !tuid-t'Ul•d rraac.uru .. .,. .. 1wnerau, 
tlder n Ir t c.t,e !lorwlioll Md nrr~.:I ra.il,1.lf 
Dl•J L'rmi c.m DOrtnoL•· 'nM ••11- ln .. al e:rt.ent 
Qf IS&lld-flLla:d ..rtlcal L'rlOtlll"'I •Ll\&5 ~ 
aen•rti.11 at,ort.. J.iM 1:10,..1111.a hid uno-Hll•d 
rractwr, 111n111 "'1tfl • ••rt.- ln'IILl:I or ]O rt or 
h~s, tllrH boi"el'ID as ~II rrac't.i,a 1o1l!'III O to HO 
rt In lmst.n., "d ClnlJ' L'Plr (lip, , I ;z, IUld ll :iai! 
ws n.p c,'fltl' ,oa l"1. S-n 1.11nstft. 

If l'»n n IIDI" aoen't pal n.'t. ta:1 ed In tba 
tr•at.a ... r.a, 'tlw rrac\1.r aoui d. ial.l&ll r ta tracad 
ialrrt.-oo•t.•CI ClHt be,atld tlWLI"' au1111.11 pnd-fl.l.lad •~•t. l?w.!11 altat . ou.111 oac. llllft a,n loel'lttrta<I 
u, .. PH l'lola;r rcr .9ti1Nl•t.L DC1 l'l 11.1. a. M'l 't.hPWf. II: M 
r;rru ~ ar t.hll ~ Lac. • IL Ls na't leno4,in. U' 'Ula 
rra«r.r- repru•n.ed Dj 1111m-ccac.ed Qleat. !n. tact 
l"'•P"'u«11: i:ac.i. ar incrnaeei plt)"ll•abHLc;J ttlat wc•J.l 
!Ml na" ea 'tbia n DOI ot wat.. 1111.1 IU !;.a tba wltl l bOl"-a • 

,& l,'00(.t ••a.1>l• ot ,:,hi Jddl'Uanal 'tr•CHl.llflle 
fl"aC't.i.r• lart~"- ~ amr,,.dl a,; b:Jl"IIMle DKM-6 
(n1. •l L11 I.he 111A C:.--k to.ali-it , 1111ber• nM­
rll.'lltd rractire 001&H b!I l:raaa I auJ- ot 95 rt 
t.o~t~at l G:a'IJM'H 'C,O pa1.nt-aa.c,c:i ClH.t aCD ,; d 
(IJCI l"t ( nol"'t Ilia.at.) r ,.._ t.1''11! '!IDP"•ha.11 C, 7]. 1ba 
,aLnc;•ooa,•d el••t a t 63D rt. ar• ~ri. lo~t 
o li!lwrqi:il • • L c- or at LIIU.l. aUat1 n u111. .O¥ti:•eit 
r•p,art:IH'.I to d&r.a d 'tfq u.s.K:1Uc.td 111th an, or t.llll 
1.,.,.. t ¥OJ. mi• tn•ll?Jle!IIU. Tri. aa ~ art.1r15i ¥e 
pal'll.\-cruted patlla at flvJ.d IIIORam: .,..,.. oaser•iPll 
L 11 ,h9 l'I a L "HJ ar b:>raliDl • IP-2 and. IU'~l L 11 i.tw 
u~i,e'" Frup0r1:. 1C.o•lblld Cti1. ~l (19), Gd bore':lOle 
7W-5 tn tna U\ie CrHII ,;o.ill!r4 C.t'II- 6J (~, 16}. 
nuJ.d wl,iae •P-IJl!ll'•CII io 111,n• ~m• tnn 12oi=. on t.n• 
t r..en,t or n 1.1.1 c aa• 11nt. la tl'la't I rw_at I!!" m•bitr at' 
rr1c~1r .. .,.,.. ~Lac.•it w1tti Dcr~l'<lle IIP-], .. JU;t, 
t:.lld 11pp;-oa:lut•l!I' a one-tl'lll"'d llll'PT vali.w• 
trea::.aW1\ LIMln llfll-2. !l:lr•ftal• l'al·! a.150 twa an• 11r 
C.'11 l.arpst. TOL treacaen.\s. 

Z.01'1113 or lllll~l;ile :i,aP"&J~• ll&fl1·fUlcd &1112/0t' 
p,alnr:•co C.tG rr:u.cire r111 como11 nur "tha 
bor•bo!. Th• as• or pa! ni:. "U a !lk.,g:n Lr Lea1111: a.l ~ 
t n. l Clenr. s t71n1 Ult l Jtl • !'111.1 Ci ,,,_'tJ:la.11 r.l'lat, 11 r11 

M.untla lJ anl.) thl 1,1S11th or • clot (t'l1. J. fit: 
L "i:ree 11141 1u n no: :1 r- ";lie bof'w!lOl e c.1'111 lllil'MP' 
or u.l t. 1 pl• ,wrU cal rP'Jet.!7a 1a.!all '1 d.ea-eud Md 
1:ml '., • al 1\1.l • rract.ur e r a I n.1 • 111.11 tl Jtl.. r ...-111:<t ur-H 
wra ~-ll'WIIAt. ,.. ir1tn,l1nc. Ll'l IUw trl•bl• CDa.! :»eds 
Uk• t:it IJpp.r- r•upal't t t11 . J 11.Cll::I u,. lut CrHII 
Ir··- S) ' 8.lQQII I' CQal bads LL 11.. ,,,. "H.taDl&r'a:,t 
tfflCl•l'.ll t.a !YI ,w • pr ilNIOdl n.vin 11r •• n1l •, vi d .. , 
:t&-iCl•f 1 H•d r raat ires. 1'111 • o':llcr ¥U. Lons a.a,- fll! 
sa11n1har. 11L I'll. 1UJW11t'ftl', ,ane. ,ioaa or t-'MI 
C.l"ltJIT.all'l't.!11 1 n 1:.719 p I~ t111'11.r1t1 CMl bl'd ,::,cmr;Jl1 Mid 
paln.t. , .and asy o l" tlw mru!S ar a~tL,;,.le l" ~I.I" 
1 n c. rw r" l afl.1111 co o.a., "'•r• L dlanc. Lr 1 •bh anl t u 
:? !n't•OOllt4td clear:. Na po1nt,:i lllU'l. tha neel1 f'cr 
CAI.It I Oil .. lie,, QQ,lllJAT l .ns 00. fi"Otl an:, t'-'Qil u-•.i.tlll"I~ 
""l1.h and .... t.tiouc, 1>11.ln't • 

'llrtl e&1 rr11el;ire. «-"Dlm-01\l. 1 C.D na't II! II:, !!A(I 't 
""'t L ,.., h• I a;n t al r.l'w! .ea.a INtd:I • tli\lit. .:ir-e r 11\111.d 11onl J 

L 11 :MIP't llr t.11a1 COil lNtd. le thl '!l u• Cl"'••lo. C:cal b!ld 
t1han r•aec:.ira l!Jd ~OL ened L!\• l'iC.!r-111 hll![l:!lt ar 
~~ oo.aH.•tQ' C. ~ )' lrlrl' :.ia t..:.all r ~l!:ll l!nt l n• C ~ '.JPl)II" 
pa.l"t , •rtd. 1 1 !JCIIUlon.J.:, , 01\l J L n. ';.h,e 1 :Nilltl"' poll': ot 
t~ eoa.lt)lici. nu, IUJ bit in.a co ""1•-tlar.a n 
Ute C)f'l1JLal .::rt.al' C't4f" or ~e llt.lil t.l'Hli i::wou, 
111ll ;ifi LI er:aacir:.lj 110i" • Cr Lal: L• ilUtd • 5-:Jl" ~ • 1n '1..IMI 
wppa" pu-t • 

st of ':.ti ODIHl"Hd SIIJ1j•rl.U•d and ?,IILn~­
CDaC.eG 1'9f't t aa.? r-ra~IIH p!ITI at r a• .cl 1k' s-r 1.11 al a<I 
rac:e o.1• 'f. '"d oC'C.u I or.AU f ~t t :Jl u~ L n "tl'llt 
coalbld. l't La I nt•atlr.a to rtO't.e that tb• 
lgl:\SI t und-flli•~ 'IW!'tlaal r-al:'tlr• r ii E ft.. 
bar•holll I-IC!, t1L1ML• Illa. !i ~El&L'Dad., n1, J) r.2l!.I 
11(1 r. par 11.1 •l I c.t ea:: ~ l"tec Lon, c,u:. ~ 
1ip(H"'o11 .. u17 30• r:-1:11 inc OiJtt cleat crt1K1:..ultlt'I 
(&]. h•s ••Y r1Hll,L.. rrr:a 1:~• t~t1u1r1e, or 1001! 
Jlar"l1lllt1t:a.l ll\.1"115• t'lel:ls <II" unoO!le.-t;tll 11:aJ • 
.!I t•P'Pll'II aiJ.ooa tac. ,111 II bu,;.t cl eat 1o11'lillh p '"• 1111 

.a;ipar Elt °" • 1111.t.ar.1 an oblt IIU ta 'l..ba ah at 

.:>P" l ll'l!.n1o-n. .1.t 11•"Nr Ll lo c. L Ot'IJ • rP"a.ct 1.1r e tr--~o:: 
S-l"'111La.L•d. t.n. t•~ c.lH!, .ua r,,o1, eJ '"•c:17 
L nteroa pt. the boritllol • Lr •c. mwd blcll: r rill :.noel r 
'.DL nt or atarT•Uo11. ~p,a,.en.t.1 y ':_hes• t,.-uc.aaiH'lt 
riw.0s rallo.•i:I • · ~u1,-...11up 111 ,atmray thro~ c.t-;w 
ooa.i. "3ad. wHh or,!, Lae raw ial Ht rract ire '='91 ~ 
OM.r''Nll2 Q[I ':.IW uoa,,ad l"!b ma Pl111.1"'S. 

l"- 1'111 r»aa .!luattt•o Ci.zo.21 j i:Mt :a,~ 
,at• Jlt.L•lll•~J.on tP'IJll:.11 nr.a oiLth llll:ld Pl'DOP4JIL 
woltl di ':.lwDFeL • c.H )' c:roduc-e r1l o1it • n :i., llhol"~ , w L 11.a. 
• ~lll-r Ll :Led rel"l:. I OJll G'r&~ ira ill\ll r c.mi trut.111·111:.~ 
wol&Lc J!Nlduc:• Lali.lh", "•!"aw, .!l&n.d.•f LU ltd rra.?t urn. 
Onl !I' r'Ot.11' or 't.tw C.r• lllta.nc.o ::i bser'll111:I lll'IGtlr"VOunr1 
us•i:. 191.L wa.t• e :."" c.•ea:aant fl Ill d. •~~ 
c~•tcr• a '9t'l"ltL.,.. ~t&t. «nc. P'•l•tln& ~I'll' 
r1lacln i:Jlft'rfflOII batvaen r.e,a ,et,J.-~l?'tro ar 
rraictllf"q reu.Lttn1 rn:a the l!.l!'ter-t:it rt11l~ b :ict 

pm.!1Lb1 • tto,,e-ycr, 1 1:-1111 o1Ldest S&nd•t!l.11•~ fl"•eotLP• 
otHittr ... C ( .1•1F2 l11, ~•l'IOl• ri,i-2 , !L1. !) ""il3 rl' 
a •H•d vac.~r t.l"ut:aant 11, f.NI Bli.a •:rn11, Cotl~e 
~1-1]. A 2- 1tiZ•l"·"t Ile ~aMl•tUl•cl rr11.ctir• "'U ill o 
ollilernd tat' c.l'ie pLled ... r.er -;,-u~ar.t an bol"B:'101• 
~S!N•I 1ft tl'ltl PiC.t.aDW-1!1 toal Cl (9) , Ill.It a 2•112• 
L D-vi de .1an d-nuec r racur • 11.e Ill ot:-,,C".,....d tar 
the ttMa l:.l"l'ataeint oo bot"•~L• DI-a 1'l1 tl'M 
,l c.c:a :,u,..~ i:0&1 ae a. Ci, 0), l'h• L Dnl!!~ l 11 :i !!- r Bl •'2 
"'•l"''llaa rra~IJ"• 0'!11Hn!HI ( 5 rt. DOr-111Ql1 l· t i 
o1u •.L '° :rcn • ltUild 'II.at.If" r.-~•· •nt Lr. trw 
tll1oal D. 6 CiJ.al.OIC (rlf. !} (I!). • Ml'a s ;ior~ 
fr~c~ir ~ l plt ~ el(ll,9Ct•~-

' ra."LJCll'ltlll rractare- .. u E!lacenil,l• In 
11pr11lli.ut1l"1 tuLf ar :.nr Ht•il tnro~ stl 1 tlon 

t.r•a~.nu. !'l"w Qf •LFl= true. •r\!:.8 tnar. ml'd 
: 1 YDr o etrit ;a L ct u,c, •v•n a«:.!11 Uar.a.l tl"a,u:.a•nu 
t.hllt C.l ~ net wse Pl! Int. l'\14 1 :l1t11t l I!: tallLe nor L :om. ... 
rl"aCt.1.11' H • It. •• pnl!:!' illy t.l'loull,l\t ':_!lat ·~ 
l rie!"~la1 11epi:.11a ID 'lerbur~hrn :>I" 01rd tu 
1 ncJ. c.tiru:111 or nor L J:CJ'!t•l rr-aoc.1r1 n1 1•c:r,us es , 1 
l:xJC" L 111:inul r,.-a.ct ur e " ra1.r112 , n ., tlir.Uat IHI 
,aoat '111-<la .u dlte:;i &.!I 1 , 11;5 ft I n tu l!lh111 C.r "'" 
Caall>ltd CIIOre~l• TI.-S, r11. 6) [9,16]. Tnla 
rl"'aeture 11.e Cll\.l J L IMllt tr l.a :Ile 1,11 ,::a L n't co.a.1.111 
llln~ no s.a:n~ .. u lilied In the "'r-t,1t1t«nt IKI bo,-"110l11 
r. -§, ~ two C.r1Pl - ftt~ VLtn rt\lOl"iflCll'flL ~1nt l~ 
't.11111 WlJC Cr••k CD.1lllell l:.ll&C. .:lid nae. lkl•II 
l Dlll'lc Ir •.aoh l'all"hant 11.l tt eure ""r•. i; Clll:,ths 
ar 1.JSi t~ (~alla1e ,K!'l•Sl IUll:l 1.~Jg rt l:xranole 
DI •61. the d~'!j.)ilat. stla"-1•1:. lOl'llt 11111-:1 C.l'lr~"i9't ( 17]. 
Th!! 41•~t ~LL l~t-Lon !oljt.l'I a-.nd-(11111'1 



l"a~l ...on"-111 rra~.r• .r.1111 , .ogJ n Ln C.1'111 1!11'.l• r;,. ••• 
C o&l botd 111Jt tlClf' tll01 a ,....l ( 1 '- ; ho"•"'r , t.1111 l"N i; 
tllil 11an;1-ru1ac l"Dl' l ll:ll"ltal rl'a~.ro 'flr'• rO\lli!I at 
llilpt.l.s or 1100 ta 8Qo n.. Io:. :u L tlalJ t.nac. 
&cld1 tlol\&l !Erl :o"~ l'r'llr:,;i,- Car rl1,1Lcl p&l:.tw&~ ) 
"'auto .,...., bH~ 0~11rMd. upecla.1.17 1n thil: .s.nat_:.cw 
coal lliilC:11, I I' '111Dre.!1i:1tnc. palm. l'llicl l:INo m•o Ln aar-• 
t. J"11&f.a lffll:Ji . 

';'hli amt ~ t DCJ1t.l.on !r:r r. 1M, heir I :.11111.a, 

r .. 1ci:1.rc 1,1 iu t.r. top or r.tra co-1.NCIJ a.t. 'tile 
Inc.a" l'an wit-Ill t Ilia root raao11. lflCrlfant al rl"act ire 
.,... •! ,o {OWld •lOI\I oc. r- d.1111.l nct I rit .,.rl.N!I II lolcil 
u .s na.1 t 1JU't l II p . aba.l •7 Di" ba.r a. , :191\.1• b&n C:9 l n 
t 19 oc,al Ill-ii. or ar. 't.lliJ IJCIU.ca ar 't.op ~t l""L del" cr.;i&l a 
111 t 1w L-.idl H • roof roa11r. 11W di ai:r-Uliut I°" of 
JilACI or i:a.lno:. DB .l'IDl"l ~&.I. .s.:.rrace1 ,.,-a pr,.-a.11;r 
.-r&':.1c t partla.il7 bil~wu 'lf II.hit dlft'Lau.ltJ h 
&aP11ln1 tl'ia-11" uit.Sl"t .ru). tat. La t:'ll!O e&a 
(Clar •nol 11!1 RfL-~ AnCI IIP-]J thllr• WU ill<lat IUll',PI tJ.CII 
t ha.t, '1:.bel"• JU ODl"I" 11 n 1 OD fla\WIHfl d ut 
orlmtatLan 111\d 'tilt His or l'll'Jf'l.:tiot.al lama Of 
paJn'! Ctl111, 9, 10} ! 19). .U, tlor-el'lll• 1\1-5 Cg,, 1&,] 
thll hol"l llDntlll (&i1d ftf"':lca.l) fr--H?tir• Cg•er•d 1111 

.,. .. w1 Ith a PBr.al, •UJ. pc laal .,ha p11 wun. tiw 1on1 
,Hh parl.,l,ltl Ito t_h,a t c., al.Ht oP'l ~.at.Lon 
en,. tiJ. 

l'l~l:l Pl• h01"1:ant:.al rrae.~a Ill! i':lltt•tm! 
Pli111fl hill•• t» n oi::a .. -.. d Ln 11,uffl.l cua . 'TM 
.,Mcl•fl.L l llHI l'IDr L mn::.111 fr&Ct. ...- a, 1re _pnr lJ.lJ 
c,tialm:!llt 1141r u111 willltrr• 1111 ..- af 1 .ln ) , 
~ ua.z l.J re r.n.l n ll tiu LililLII • 12 la) but. quJ. t.• 
'rU' I a.bl I t D 'tt11 Clen•!ll a\ Gnl :!1'1Dr'~ I 11; 91"&1. 
11! .s l.ar\CU. &lid • 1 .. :ll•oont L 111m U.CDll lltl 

1 llpDI C r lb U' l I• l H • Tim H1tL •ia lal'.-ral 11!~ lnL• 
fCII" •&nd-rt.lled tor'l&OM.al tr r.t.rm 111wr• ~ rr; In 
C.1'11 J-bQ11• Ca.Lt:iao l bor•mle DC-,,lil U] ai,cl .ZOO rt 
In 't.M UP11C" Fl"HPQ!r"~ ;;aalbH ( Dortt.hol• 11.P•), t'll-
10) [ l !i1J. nMI au1111m lu. ra1 utlfflt far i;a.Jlrtr.• 
co.ai:;u "11:7'1 r.oru;.al rr~ira nra ;?b5 ft and 2'00 ft 
L l'I c. l'e lti;rpar .r-~ei:Dn to.i. Da,j lbe!l"irl'Cl 11!1 ~P -2 nd 
3, !1,p. 9 and ml :1;] vi'1 2Jtt /l. ln thil Illa 
Crull; Co.alba<!. ( bol"•l'Oh ·r.-5, U•· 6) B, I~ ) . 

l!JOClf I' DIF:ill.171 CIII 

Po111tl"il&:. lot1 bf n 1.1• d.!11 ..,., r!.lor a.and i;rappan t. 
.&.l\l.o !lit.re.a d.ir•etlJ o•«r-t:,tn1 r.rw a.in timicn or 
coa.t l'ia.9 beian omer ~•d Ln 11,ui-l t n.a r of 
r.re.at:aan~ lritlll"~pi:.ed ~del'Vaunl2. t"I QQrea1 n 
I: 1'111 at gnJ. rl CUI~ Gr l"OOr ptn a~r.at i °" • l It la 
n•e ..- 'I '!.o Poi or. aUt. t.!'Wi~ rDOf si-"•~r'ILtl an do 
IICIII:. ne~!lM' ll; 1 qµa,11 t.O roar 119 or ..,, .ad••r.lH 
-efr•ct on &lnln&, ~11 1111,,. DH1n no roar t&l • .:i 
ac. t rt tuc •111 \.a t 1W 1P1nitLr1!:J 01\ or !SU aut .a.t: l on i' L 'Id l1J 
1 IRO l"C,Ol' !I trlltA C' l""CB Canrt'ii f.- SpDP'l:100" if'\1 
t.,..a~mt!lll. L.lmtlert [!l ltld r-ttpclf"~ L~f. 
111;,plm 1!11t • 7 roof .supp:>rl. If.a L r.atilil.1 edl ;u 1 

P,-eca.111.l Crull" rt IHUU' I 111 l;.bll Y1. 01 nit~ or l:x:Jr'•l'Dl• 
TV-J at. t 1W Oall Cl"O'q I'll Be. oi IV". ba":.h tl'III wi Be'!I 
1111» CrHII C:0&1119~ 11nii tna o -..id.11n.1 lil.ar I t.N 
t.o,albia~ 5-112 U boft v.- auaul ar:;.e,:i nd '.dwl"• 
•1 n• a.an.ap• ~c 01B .. 1t11 a •roor IIO tn~" &.1 ans 
ne l)J l"{b. ,IQCOPdlnt ~D 1.Jabt!!l"L { 9], thil .,. • ._ 'l'~ 

alnJHI t.l'rOMlfli •-.rt,t.no•.it e:aperJ ani:Lc1 il.ll7' l"OOt h.ll 
dirln1 aLrun1 oper 'tlans .• 

! ,1;1;11pt tor t.J\11 l!ha C1"1!1!k toalbl!d 0 amt at 1:.ha 
Pl"'•t.P11ot.1 GIi:! air .:i tra't.11 atio .... the e.al n oaaJ. IN-fl :, 
Ila ... !!' :x.n fUrl.r llalo:.•IJ ln ""'-l"t.l.; 1 11nd/ lll" 
nor l m~iill 1tnen t • Ill I -rer aJ. Cli.!11!1 pcntttl" t. l on D1' 

!Uar.w:md 3 

11 r.r a\• 1.bo1 ~- l!ll 'A Cr Hk .; :1111 i.i: 11e Q\istll' v11 C u 
1cicat1on1 1 t: .icr•~ re•t. er aot rrm QarehOh . 
Ttw r,.111on rar -:.a,. aor• •:n""1d1v1111 l"OCI:' pe-ut;l'IL~i:-fl! 
Lit no: co.no m l lt ,cna"'n, llrilt ••7 tioa •l•tttG :.Q -:. r .. 
nrwar.ira.t llLU.C!"1 or t.1"1!, ei11. ll•~t 111 St ~·J 
Si..t-e ar ,.... 11 C :.sso:;J teit.l OOl'..i:l1o1Ct•~ near ;hi :a,. 
~TDff l'I L II l l'JiU ca.t IQ 1 o.rar L II II H:i:.1 91'; I' • 'l'al uu r QI' 

tr. l'OG!ce .:i:.rr-0111uU.r.a tn,e l'ill'.1 1.-att-llua c,-.. 11 
CQ l.l ll)eltl c..na.n ..,..,...,.." L II tba cooll C 22 }. • en th• 
•bamca ar • •trll'll tlarl'lW' Clf' ••ch.an~ cal p-oi;wr-tJ 
t:lan' L •. Up.l&.~d fr iU!t. ir • Ir 16IIOUr. 1a 11or I l h'.al J . 
Qp,,V'a f"•C':.lll"• !Pa1Jmut. Cr<:a tlils !!C!l.l .:iei:-;;1on we 
,..poi"UII. ILW' I "' f.1111 ;ss:as r.m t1 "· ll~lr :.1'111 o • ., 
lkvni IM :i!ll. 1M p,-men1:4 or na:t..r&111 
oc-cirl' I n1 roar Ja1 ni,a m1apl 1<1 wt tll J O.t!r i:ir :i I U.v 
LIi .sLtu l':.rts.:ia •DO'I'• tn• (IOU i;i,'-Dballh lnfl llel'lCJl:I 
tna ll!P,,.mt ar roof p,e_na tr tlon u:. thl oak Cll"o va 
1!11n•. 

Ln 1• .. ral i:a;s , c.r. •~1'11:.a ;,an1t.l"l'tad a!IQ 'I: 

oaa! !ill111 "ll~e »llill NHlc, ~I\Llll alla111! bllCN r J. iie.­
co&J.1. ano tha r,.•~ire "'"• t:aci oo :.&1r.lld Ln 
!IVllt.l II.hit 1111'1 .. ::iera,l.17 ia:lt1ad llOnt wl Ell U1e 
••L11 beam of ooa.l Ul"Ow&l'IDU:. tl'le • n• t.o prereBt 
r.na Fl"ta •o:.rJar-at.1.114 anc f&.Ll1r11 at. ,1 httf' t.l 
[tLs~ Ill. !lll?n .tLrau pe~1r.r•r.:ons .al'IClul.11 no,; 
l"•~lJ tl!a carat i1ilr 12 "l"oor• P,Ynlt.1"110:.lOm : l'lo-ill"-!r , 
t.hlJ ar • 111cl - Q U • iJOl'I Lr. tea bl I l. 

IIL•l.'-'Ohm:ia to •ocotpr. tllol liH or st LBlll 1~ rd 
,.,.tltr:ail DOreliDllll c.o rma'l'9 IIU rr1111 00&1.l:led.9 
'lJll"ior' to alnJ.n1 ••Y l)a rel iwa c.a t.."11 i.15• of r:.he 
t«'il• • t ra.eit ir•,"' •rraci:.u- L n1,,. Al! II ~ Dr ukdl)o,fn . ~ 
Wl'U - ljal"l9?1 lll&P.St • C;a'tBtl'OQIUC Dl'HINO or tnt 
1tr•f..a t~•at.1Q, 11W 1¥LCIIIBC!a rll'CIII ~lrlCt 

I.Eldal"lf'Ol.l'lcl o:a.-ntLD:n and • J or tbl c.riaa:.aant 
r~C21 (J.rJCllJdl Ill tl't:i~• rna DIM"at'IQl IIDt •J lll!'II. 
ttr""""'1 l !ll 1&Qlll tha't •".,• tract LJ"' ilf'W 1H l 
el" r. Kl, llill,;. r&tn.r ut.11!' t.lh Ol:'Ctrr I 11.c pl •n• :ir 
... u:n~ (cl Ht, Jo!nui, al" tad 1101111ti.arL ) ara 
.-it ••C! l."ld ia~Dad LE'II i:.a n.r !1'1111 ~er•~ . tn aos i;. 
cua ~.,_ ;)ea11t.1"nl~n of s't.r1t1 o\le .. i J1t'II t hlt a1.tn 
caa.1 od'l tl~ :,a n 1.u:rL tal"t.•11. co tllll lnlJ.u l an ot 
'11"• lh't!OI Jol~, u 111¥1 n.c,el! bf jOllrt.5 ar t li. 
.... 1te1• •l Cl'llf I ct•I" lllcl 0..-1 e:n.t .. ,. ton DC!C 1.2"'1"1 n I 
tl'.s-DlllNI UC • aln_e • 

r. ~l'J:» or ~tlllUl.acLon tl~Jd i;rol:lll~! J IW.t 
aca e t nn 11t1i, v11 um .:!!l r'aat ll" ot l:1'111 L ndu.e ~ 
rractir . u OJ otntl" tact~ 11.en a :.re tll" t. 
'!Q I 1111, Ll\)ectJon rn , and dla1)ttl me! pn~ iu.l 
ch.al' a~\ m-J .I ti el ar t.1111 CIHl !Ill Q • '..M° tff "'O • 'LD« 
tl'•Ac.ae:11: s -=-ma.tea I. o t-• 11'1 aore obi tr-"•tl t.e 
t'l'ac-i....- u , a, .. tllll ~• 1 n tna t l'r'-r1 
p--011reat ,11)' t • Pl" l ll'lf ta mt.I 1n. t ha IJC!p,tr 
Tn•?Df"~ Coal Died ( bOl'•IIO!.a Rfl•I, :! , an~ !, r r. s). 
B1r1t1C:1\ N-, 4r11. 6) and DHP!• li lrt1 . :s,1, ""nl f.:fl 
.iad i:; "° or tbli 1111' 3 t ~1 LJt• • rutall:'l\.!ll , al o r; '1 

• at tna ~ r. 11~t~&•• ~~t...a-~ or rr.a~:..i"' 

71- pl'l,sl al P"O r I:. I a ar t.l'e t'D.aL i. i;i semed 
to tar aan Lnrlil<lt'!H on l:tw ropap-:.toi, o( 
rl"•«ire , !111117 or Uill ~tlca.L C'r-1.et~,ra t n t.l'III 

IB\1,1111 0:-Hi!: Coal DllfQ "II"'• 1!11" o l DO'\l f In r. ~ •er• 
rrl elll.a U~JIII"' '»I" t , ll'f -rert: I cal llll"9( l l l 11-:1 
r,- l:!tW'~ •i:; DarlUUll• T\I•? 11ue loc•~d ln thll 
bot. lCIII •~ri:.• pu-t. a( &:.DI Bl._ Cr~e• Coa L baQ nil. 
l nel( r,~ - nd ca• hart :r.o"t l at er riur ,n. 
Lnt.ff'rltta bott11a""1 c;.i, lt::MIIN' •t•rll" p;:lr"l noll lhe 
upp,tf' • !loOC' t• r'l"lltll• oar~ (ft 1. ~I • n. U PIZI" 



rl"Hi;DI"': t;;~bad l~•bcl].m 11:fl~I. z. and 31 ~di • 

d.lnLr,~ ital• ~t.L111 n•• ~llil r.op ttf 1t111 ::!!:!all:illtdl. 
C II l!I, t i ':ll!r siat'l.l llf ,1 i:':.H .&!II I l:IATl"'l If" tlll the 
1.1:::,,1..,.,:1 VCllft.111 vr fr ciur • &1 lll'CI ll'lt.lil al cir t.M 

PiL'l 11'!:. oa.at•il fl"u1t: i.r-a s 11i:1 .. n L n r I ;;zr • 'T. !!Mr. J.L 
• a.-• on r"" t.11111 ,111a111 llU'~.L11s to • 
~n.rt.rar. tt<I b; , i. "1Tn teal rl"ac•_i.-a , writ i:ni ,iwn. 
tac•• lllrL7Xln'::a.! •r. r.ne lntlH"r•m 1.,:, i:.n• ~11 'Ol' ;ht 
IJ,ll"l:.11\I '"d b.Q • or tbll a;ipper COilll brn.cl'i rt LI. I ]1 , 
1 CIH'tln~ •1M11t)"' blind ln t l"li:.~ taarati Ca1111ad 
1"! bor•tilll• Di-I wu pn.11" ll l! P11t1ec.t'11t.•lll :ry ~ 
...-.. 1; I c.a.l rrac'f. w u wftl Cfll cio"t L n;ua d ffr i:.1 cal ltliel ,, Lt 
lfll- 11'). b'Jt. Ln oM lnawnea 'tt- rractir• llitCIIII.I 
:,ar l ml'fc.ll .100 n t.r:. '::Jana Lt 11·. , !Si) • rt vu a1~0 
i!'Cllaoll ~ ••• .aalJ. hllrt zcm. LL ~traac.. L II i: 1w 
ftlrth:1111 l:lf"CIPl!liClon llr t.hil rrattlrwll U d.H'fll"til.t 
11.y-11r,a er l!llrll.lU.l'll f)lM. 1n tlw .JJ&l.fle~ nrli 
n-:oll'lt11:"4'<1 Cr 2,. , J • fi'iaae orr1•t:!II 00C&111,!l.aa1.11:, 

r 1!!1.1.11 i:.•d l 1'1 1.:1\ L11-el l"•d or ~!l.nl.01..1 I PJla,.,. IIJJCil ta C.1111 
"Rf' r.m cal" !l'"l~t.r•. '1111.L l • i:: 1111 ,pn rs lca.l prcii--tl e 
11r tllil aDal. lNI d l!lo-!MI ~ I'll ¥1 :aca1111 l n.1'1 li!D'ICI 011 't.lw 
Cl'I t' II C't _,.. af 'UW f'ra.rta.r t!!I I I:. l\il.1:. L1t1n ma 09 11'&!1 
~Ar1•bl• llt"ld e,;;,n,ild ncr.. ti. a:Jralc.etlt.11 ~! co::111l1. 

lt L_s !JIIPG9al 1tl e to ruar'll'l!;- ~ lat I 
:,tl•Ul•~lan. t:..-••t•.nr. .llii I eo&lt.'ilr.:! 111 J, mr. 
a11~•l 1 illl"f•ct 11:L nlq LIii. .!Im• w•:,. IJljl•nr. t. rw 
'llll.Wll7"01,1'1!1 • ..-1~~ frm 'tlia ~ UU ilMIIII 
!I uma..-1 :.a h1 i: Ill.II rt pol"C 1\1,1~ ts ~fill ':.bl 
1,'rOIIAtll U t:, of l.(Jwrsel 7 aft'•ci.l1n1 •l Ill n.a; 
®~ILL ~LOll!'I lJI •In Lal.1. ':'iw Iii a:r ~ ..... t.lmil l.'t.1411 
.,:,,,.,~. Cl'IJLl"'ac't ... L 3'!: :I.Oil t;,r., t.a I l ntor"3.!NI l;l"Ht:•en.t 
a~, lift. nd CO"C l'OU ft ~J"Ht:amt t •1>l •HnU,f.J.on 
t~la.-111 lnjeci:.lllfl NC .ici ttwr-1tD1"• i.raat.a..,i. 
(l"IISIIILr•. QJUl t,rgtaDl.f t't.r':.l'I f" 11111\aLM l:iba ..!fianCII 
ot ldYll'D• 11:lnlaa CDD~L,1006. 

it'll! • \le-Mil' wt I t,,u ~ •olcllav L • cl p i:.:. 
CDntr1 ~ l oas of P!r. SH Ill\ W. i...ii::.,,t at flllll",.. 
&I '11 ar .at 1 IXl!I • ·cn:c • • an.a C bar 1 N l'I • Do ,.,. at 
IJ "~"•"'t I anal i£1;Jllf'l7' ur'OI.I", (Qr i:: Ml r u1 uat1!.• 
l l\!onii1t-1on AC L ~ ! lltlt: r,aJ, l.'t !Kl C.CI ll'llt 12'Jeiaf"VO!Jll~ 
tr•Of.1r111 Cl laW"Hl-ton• L II u11 ,1,:, al)au 11.1,n 

1. FLnUnlP!I'. G. L,, 111'1 C:ll!J"' lll. , J.: fl•Y~ew of 
tlol' u:ont.•l ~I'll 11111 1actin,otoe ror "lillt twn • Dr.at n.ai.11 
Frm II.~. C.OU bit • IIYIJl na:, t: 1182:9 (1 ~O l . ~ p • 

2. IDI IID'IJ(i , CJ. If. , 1U,•, . C-. .md 
si.•v-a~ on, J. W • : Nlet.nart II C.aml"'OJ. ln an Ll)Y&11c L na; 
Secic; ton or ~ Undtrvuuid. .: INl1 1111n11 teim,:.,..1,nt 
,S'Cl:!,'i<.iO!J • Ju !il.llitlll"-ll 11:aa1:r~11~ 1 ln.G. l , ~ L 11,Q C!Flt 
t•-B-. lff!S 11 ! •l!~~T ! l~Bll. 39 P• 

] . i'll"l"1'1 J. ~ •• iliil I Cl . 'II, 1 11110 C,cr'Flk. J, I. 
e':.l';.I"" Dl'aL nap !51! ua7 L n 'tOII Si.!lnta L ca ,;:aai bed, 

!.It.ah. IILltlLI\ ltl !)123 ( 19iB,), II p. 

1 . i'P'nsa!!l!I"', t... J. 1 Fl~I i", C-1.~, :.n~ 
C fi"'l'i Ir. ,J. : t'le't hul• Or1.L n•lt' !;i,uoy 1.1.:1 L l\f an 
1li'I tl 117"0..nG PI p,a lL 11,1 • l'JD" L .mn.a l'lull' S ! . IJt,.f,U 11 "'9 Iii l 
M1'T C 19el •. ;;'9 p. 

5,. 'J11;:lkUJ' 1 I', C,, , lr,d ~di; t.DIIJI, II • lid 

•1t1«"Lwnt.~ ()rl!llnll: 'TeCi"ll'lc lO!D' rir .ld.-.n~ 
De~ U' Leal; s QII .'' I nl Dli Ena;t.. lfl jJ t I Ba l • 
1. ].I. "°" 6, -;,. 6i'6~8o~ 

fl• 'l'G#l ~J\Clnf •llff , II:. , PQt!:U n1 • I). JI, 1 

il\.11 • u • 11. , n a H I\C..r cn. I. t.. 1 • r-o,o.iuo:; 1-an 1111 a 
ui.u L z.a.c 1,:m or coat Iii! :J !'t•'-n.tJt• ~u I tt 1 :i L .anc Cl"HII 
ca&l t p;Ll\7 1nm .• Pl"c,;: .. 1111 II.IP tir t:tlll 
~na:inqnr.1 or:+11 C<M "•~.,.,.1 S)'?ICXJ•t Ll!I • :iP !/DO!: 
l !!ll'T, Pltt.:i k 11'1, P'.t., 1r l &-18, 1i!2, p. ~~!-
2U, 

1, i:!'1111:l • Iii- W • 1 •co.al • C:Dll"fll'ft t. L r;,n-11 SO,..,:~ 
or !!r..ban•~ I i!'tltw Ult 11\.1171,LI i:r 50 II 1L1 .Ln 
'C' ltO Pl' odlll!'t ~ OIi U HCII l l\ C .Ila llu If .1 er ks ~ [I O !" 
.uablae,• Procllti!Lap or tl:18 lrnmnve,ir.~a~ r;ie 
ll•m•cr Y Syap:i ,1 ia, ,5lll'~IXIF.;/fµll '281 • Pt r,t:~burgn, 
il'A. l'f.lJ l ]• l 'j, , ~.:i, 111 • JIOTj 6. 

! . DO.I". C. 11. : Et'tecc!.aS or M_rjr •W. .1 r: 
3U 111dal:. Lon. OI\ t:ul ti.asi .and t.s11oc! at 111.: ::;~a.,:a. 
BufHne lll! !Zkl ( f9TJ1. zo p. 

9. l.ll!!ll!llrt: • $. V., 'trr'1'1 ~ l't. &. , .anc: 
St.1lGl, P. F.1 T•rl~l Bai-al!Ql• DD.l[ID ani, 
r:m pl r'I. .1 Dii P' •~l ~ ~!II R.•oq; "·~11.(n,• au Trm 
HJ 11,ubl• Caal.ba<L:I , 1t .4. C, II, !'inal"tl-Y tlffCITl•JD/2 
CHS.OJ, 1151 ~~ 

10. 5t.ddl., ,. r., ro,111 .n~au&.atli::in 7a i::M&J1C11 
flrodurt.Lan. Fr~ D•ll,lllt.LCl':.LINI ~1111 Ln ~,­
ittu.ailNr'lt\ e:.a.11:111~. D.IM1nm IU !i96 l ,9791 , 'J :i, 

1 , • :stlilll'llli, ,. , •• Dotaeu, r. t.. 1ni:1 
l!U!lon.a:,, .:i • •• J "DeauLUCl~LOII ar It.Ila eiia JC"HI' 

1:.N1 .s ... l.'t. C.ak Ci"Oll'tl l'lle,• P~1!'11J at' !:.lw 
21\11 inl"l • 111• !tao• .ED.,wr:, Frm Coll u S)'l!lpca L 
!I' L C't!I Dir sn. P'A. L;Jr • m a-zc, 191''9, ai. 96-1 , l, 

I l. IJtm.anil, • P • • gd 0:,1 IW" , c,. C.: '£( r'tu:~ !I or 
n.la'llll'tJ,oa 7r•a'l:.a II~ 01'1 C.011\lldl ~d. ~auni:ttn; 
~,.n., tY! dUICe- frm L.U'I rVOIQ\d Cl Pill r"TII,; 101'..1. 
l!Utll\U Ill 9118'3 r 951) • G p. 

n. t..-b!r'L' 5. w. ( T.al.l" J5 t111 L Cl" It ton, l n.i. I , 
f'T'Lw•t~ Ct1111u,1ca~1on (19!5) 1 •'"'Ll&~l• ~p::,n 
,. .. ~ 'I:. rrm j. w. L:ilall!llt"'li, ,...... Eti,l~IL':Lll'IJ, 

toe-. , 'Tl.!lca1 ODIiia. ll.. 

I I. ta Dir-~. s. Y. • and Tr•~L't.11 1 "I. I, 
txllll.-3 11nC11 II nl\ K:,11,r •!ll I c., :S':.t 1111! .at: I ca 71'rcuil'J 
nac1t.1d. i:u101 . M.1" .. 11 B:?'515, 1 n31. 1 Ii ;:i. 

I '5, • , • t.hllnli!' Dr-11 l,l'lli.aq or ML n l 11.£ 
thlna P'~Lllul•tlon-.....-y L.11 C:o.tl a, Y.. If.~. 
D!ep. tner&Y ~I-r ~-![7,1 tJa.n. 11791. i~ p. 

111 . II.IIDIW!J, J. ", 1 ,Sr.11bt:o, p. E. • 
:sc-:i.- 4 • r. r;. , 1U10 Dobis~•. r. ll , "Er recc II or 1. Ho-
p ~r>?an~ ra St:laulatlcn ,re,1ta1mt on. a Co L =iemi 
~•~trlca~Lon E:or11:Jal•,ft J. Petro. ,~en. I ~!, ) , • 
11. 11o. n, p. 22n-;z235,. 

11. EbJ'II", C. JII.. nll. Sr: 111>111!. '. a. t "~..Q l!l"IIHll't 

or o:,n • 11 C:118,J. l::!IICI !!!!!II:!' !fol Cao~L i.1ons lt•Qt,tlr•a Ta 
OeLcn ii .r-tiiln• lilrthme Con~ol illll'f.h!l.'::LH Lti '-~• 
,...,..,., or Caal l 11, IJ . ,5. C,litp, ~-TI'• 
OOE:IET/la2Gll - 1~il"T lFeb. 11193,. 131 p. 

•&. P'l"IAt~. R, ~ •• ~et\Jl~t. JT , •• 1"10 
5trt'.mko . ll, 1 F•.uL'Jlll~i' :St~J ill11Q D r.,.~rat.tan 
or -•t lanll' ~ .. ~~ fl"QIII P•r.n.,:,1 Hlll • COAL s,..,. ll 
l~"Lrac-~ J01551fi.9, ,. St.•t• Uni,.). ~lnie 

Oil ,-1~ \ 1i:na1, 3T p. 



IQ, MI.Fl'L•, G. W., ~PP, J. f., ~cCw.l1)(!11, C. M., 
m~ $t••l•. D.. J.1 o. ... 1c111-mt. a1ll tT.a.tuao:.ton of 
.II•• l'lln• S t.11'11.ll lU l)jl reaml qµn ra,< Coal i:.i:t 
D• _ ~t•i:atlllli'l [eoatr,1~ Ja33)9J!, ~-- ~ 
HQCi"e l • l!11Uo1U Ofll' I 35-~ . W'rI.:I 1'11 911-Z:.'!066-I 
f1 9.1111 1 1 IZT p. 

ZQI, CIJJ.J.biur1.on Ser,Lca,, Ttll! Frac-boQIO 0•1•p 
l'tanu.J. ! or ll;tl!lr.a'Ul. l i: fl"I i:t.i.ar 1 n.. M.alJ. law- l.4n 
s.,, "1 C'P.11 , t>Ul'lc.ai, • Cl. ( 1 9?1 > , l I ol • 

Dec:,i.t'i \.a 7011 
ta.a.i~e1 . !'tine , Bc1r"•nch1 ot Coa.L fll''r.l 
IHu• Cr-I( ~IJ NG, ~ Qr-oH 111"1!, 

rr r•an r:01.r1c.1, ill.a.taiu 
n,-, C13J 
n--.2 Cl t J 
'N-3 [ 1'5] 
'N-• [16J 
tv-5 ( 9', 15] 
llltM• 5 [ 1 7) 
llfl1'1-6 { I '1} 

, .nJ.a 
1,093~11 
I ,Cl'foli. 0 
1.1>~ .a 
1. 115.111 
I. J!J. 5 
, • .2]11!. 6, 

JIIJ,t;it.,tw-p CO~llild, felt lfo. !I, !'1!1:11, 
""11 Mn~n ca 11r1~1 • Pl'll0.111 ... .an1 ill 
U~ I (Ill] s.a.11.D 

Pl I!: t~ t111111 C.041 bid. !'.:.r ll d I'll na, 
Jr-NII\• Coun,t 'f, l'!lnr,;a )' 1 tr&nl • 

EN- 5 [ 9 • HI] 
EP!-& [g,,oJ 
Df:.1' ['!I, IQ] 
E:K5! { 10} 
El't-11 [fl 

1''5111-D 
5~.D 
Ta.o 
U6.G 
f ).a 

ftl, Nib C.01.LD!ftl, Cua~ll.l\l!i Ml"•· 
fr~• 1'.:.0ll'!C 1 • :i.nm1,JL if.an L • 

clio-~0311 [ 11!,] 'T51.CI 

UppaJ" Pr••J>lll''- eaaH1111C1, Lwcera• 10. Ii 
] ~di ;uu Co ... tr , f!'lil\lWI 11 'r.a.M I 

117-1 [19J 
llP•l tnJ 
111'•! (19) 

f II.I• 

l..m,lar KJ.1::t&Mlllll COl.lDld, ltJ.U Ila. HI ne_• 
~l"balJI" C01Z1~7. Iii i:. 'l!rpni 1. u-, ( 19) 

DGIIH•S 
6fiO.D 
IJJ, 3 

fl Hno:l.s No. 6 eo•.lbiNI. Ifi.LM.Jill. :5.tel l'll:111 
J•r r...-ll!0.111 C:oll'l~'J • ll!J.nol.!1 

1- ,11:ceJ 7<,g_n 

.iav Done coal l:iil!(I. ti'~ l W'• No. kJ. n.1t, 
Dlol:er.3on C.OU11tr . 'Vl.r,S.ril• 

DC- I ,I, ( J] ll;i!~. D 

!Ioele Cu.ron C-.lal De!ll, SoLdltP C411~n l'i_L_M. 
t,ar t:Dn C"aun't.]', IJt.~11 

s.t-1 ( Iii] 6all.CI 

.1111~ ';IO'O•pl 4r.r pad. 
t11 Sarea,io 111, oc-cnr,- INl , 

C'p1~ 611G-p1 !,lilt er rl ~ h. 
dl']Wi • 200-?1 IH':...- ;:11'1~ 

C...11"•'--
0..1 / ll.atr 
'fll• 
rota 
r.a.• 
,ma 
r.aa 

FNII ,-. 
io.a ,_ 
ll;t•J~Wt.1:,1111" 

i!l. l'al"lr1 , r. It.. nil (a-n, 
Kr,ll r111U c: P' &"lril!I , " Proc-ee it! 11a:, 
1.l!r.1"41 P'l.11 '!NLn,, :soo. 1'9troL • 
ilct. ~,,. 1-;;&•. 1:1. ~6'-zn. 

• I!!. t -i,1~~ :ir 
:ir t._ 1kl\ 
lhll" - . ,. !Jilt. 

u. ~ It •~ tre tH.1.11:. e. t QLA,.-ter L 1 ••J...., 111' 
r:l!.1:1 1r Coill Sl!om.!! recllnoloii,, Hill ~lllll' :::o.a,1 

!.em Jl.-o.le~ (!;ell'-:. 1l;B~U . •. 3. h. ii, p. 39-.aE. 

'10\11111 

( 1111 ) 

9,290 
3 . 500 

~o .iocm 
ll,Z-00 
,i,oo,a 
110. S6& 
'50.5H 

r. :!Dli 

)1,,00I 
~.~ 
29.IJOOI 
~.OIIO" 
511,6'10 

1,600 
~' i!OC 

30 , i.!00 

23,..-00 
,a , 100 

U,OCID 

J'S, ]000 

50.0DD 

111,l ,t~ 1,Qn lt•l lfit. I 

~ l'tlt I BP/iO ra l 

2-1 D. 5i ii, SOCI 
I! 4. aoo 

10 2~ 1 CIOG 
I a 12 , Si!D 

~-6 
T 

J•l 10, 0GCI 

10.~ 

11.6 
,1.1 
rn.a 
,o.a 
19 

11) 

. •-7 .• 
Ii 
Ii 

HI 

] I 'jlMJ 

r 0.000 
4.r;JOO 
T,IOCI 
2,al!Q 

1 G, l)Q(I 

T • OO(I 
I 1.!;"3D 

3. ]00 
11.&oo 

a..1100 

~Ice P.-ecsur1 
l Pll~~. 

5~ 
2, 11100 ,,•oo 
I• '5QO 

.90() 
e.,a 
5,0 

1,'S50 

I, :j15 
I ,500 
1 • 100 ,.~ 
,.~an 

, , 150 
... so 

?50 

!SO 

1. n, 
2. 501; 
1,500 
I, eoG 
2. aoo 

VJ 
900 

iJI 

1.2~G 
I • ~ 'Si:I 
'. P:J 

~. oocn 
l. ~IQ 

1 , '1'!1D 

•• 500 



Til!IU: 2 - s ar-r or :.r101,&rolll'la ror ~ l"troaJ1(.1C ILL 1111-t l crn t:re&.aBJl!-5 

IUIJ. ~ QfJH!"faa 
!1:1"':-lC•l 'IILn1 •i• n1.1or- L.1m~n rri:.) Yertl'U.l 

l'lol• ll!ICIBl. F!-all!f.irr 
(..De.at.IDB l'.a.1 "t lai,c.- l"aln& Vt dt; hi 

Boretll:lh ~ •d Uu4' tlll•d C.o•t.e4 Cl") 
n,.- !as .-0 fl 
TW-2 r~ 110 1ii 11-112 
TW•3 !q Ila ;z,:i ll 6 
n1~1 tl!!I 0 ,UC l/16 
TW-, 'flt:!I , .. 37Q ~1 •• c. 
DHl't~ fie Ta 3110 Clut 
IJtofl't-6 ! ,_ iJ5 •Jo 116 
.JS!,.._. !• D ;zo ;z,.., ,2 

t!"r-' l(O llG l•l/2 
DH, rei Jio IQ 2:~ It i! 
EM•l' fH 'Mo 111 ·~ D"t-i!I Jlo No 55 3116 
EM-11 IID lfo 
00-1031 lie No 100 Ill 
Ill'-! fas hs 211 il 1/U .,...il ru hs JO 61 , 11 

IIP•J , .. Tn 20 130 , 
ICE-2 ID ha 85 :teat 
KB-lf-5 11D IN> n 02 
I-Ill: Ila 11(1 1ms ]/ti 
DG-1. Ta IID lll 5/8 
SC•I No fu 

•,an:1 rr-:a tLH ~ boi:.t.a or l'IOl • n.at. t' nil t,1'11.ata1Dt • 

~·~, ILJL 
1 DDDODDC 
l DDDDDDC 
~ooooooc 
~1ooooooc 

N 

l.fGE:fitl 
....,ICIII ll'GC'Ul'I • r-.C11VJ, l,ol'lil 
l>l!IIIOIINJil~lli!I 

- - ....,Im ~tllll'lldmd,... 
....... 111'11'1-illil 

t:=a IIIIClf ~ 

O 100 2.00 

Sa:iR, ., 

f'ICURE: I • - 11lnt!' DIii>, ao;-•h01 a r!l• l 11.nd l'W-1 • .. 1,n 

fr"ll(:t. .uo• 0.-l nl. II L ~Dill, d l r I a Ii fl"l:a 

1.al)er t Ca l> 

248 

~xt ia cmr1t1G 
IIOr"'l w"t •l ""acer• 

to"" of L• ~n (rt l 
P!l&l it Pl I 
l'rf.S Cl.l 15,ud- !"&l n.~· 
rracr.iru rnaa taat~d 
ru 
!'M ll 
11(1 
lilO 
r, 2JD 
IM 
¥1.S 
,:e 

*' 50 
i .. 10 
ND 
Ta 115 

110 

"° 1 l!! ... l7 2s., 
1'1111 .HIii 200 
No IX] 

T 05 
NO 

;:50 

L!GDm 
- '\lwtlcal rracaw. 11111d I llildl 

= amml lracl:llra, m1111 l'IDad 
0 ,0 100 

'Scal11 1'1 

. 
11111. ~ 1, ?l • 
ISOl'l :O"t•l Root' 
Pr et.Ir'!! l'ene-
fllMa t.ratLon 

11:1 
f~ Jlo 

!'a 
hii 

t~ t 
r 
ta 
li'D 

110 0 

'f h11 
!lo 

I'm Tes 
ID fa 

Ila ,_, "o r '4CI 
ta llo 
1110 NO 
1n, Ira 

!e , .. lie 

FtGUlli :!. - l'!l ill-IP, !iorrl'ID L• tl1• 5. wl tn rr.act.1.1r1 
CII" .l ltlt.at L Dnll • ll'lo<l Lr L 1-d rr-llll t.m Der~ 

[9 l 



c:2ao 
~ - 00 Bc'itwt!JMII 

1•'1E 
$ tl§i5 Cl141 0 D 
Iii ao 0 0 Ulit:ltCI 

o§o -Ylnmlt~m ag 1 fill - 11111, ma1. 
.... 11d 

0 0 a IOII ~ ~o rirl Sl:1111,. 

•lCVRZ l. - l~• ••~. bar'abc1• i-~i::. ~1lb rPaQt.ir• 

or L •"u.t: Lor-.! • tlltod~ r L•e !I' na H i"' [&]) 

L.[JiDII 

., ll"' 

00001 DDODL 
'I Ill: HI! D DOD 

~, ODDO .._ oo-o 
·1uDDDODDD C 
DDODODDD-

CODD 
DOD 

DODD 
DODD .­
ODDO 

D I~ 11T. 

" 

--· 
lfl:~llE •. - Kl-n.• ••';I• llcr•bDL ,n l'IQ'I- md ~ , 

IIIR~ !rll~!J"a! OI" J. ~~101'11.. ~~,:11::1U L B!!l 

r l"Dt ,o:,.I" t Ii' H 

f teJIHC i, • ,ti, n.11' ii , llxr•l'IDL H lll'- I t.N'OUlfi F'P -1 , 1tti: n, r • .-i:1:. :re 
cril!!lJtat.LcrtS (19]. 



trJ ... ,.., """' ' ........... • •·- -·- ·-..---·---

DDDDDDDDD 
DDDDDDD11D oua .. EJfJ~J 
DDGJIDt3 TW•O D Di 
Dk JEIOL ___ __.I~-... =.·-:= 
DDDDDD D 

~.h 

r:!lUU S. - 'Kln• aap, !IOl'el".ID.U nl-5, •Lt.I\ fra~'-Pa :>rlimWttcr.:i, 
(l'ID41fl•d r~ca :!'lllnanar ( 6l) 

--
N 

Paint ,omed 
1ft6 ln wide 

Coalbed 

na.11111! 'T. - ~., !leoUon or rr,c,r..- at. loui:.•cm :~ a'I t. ou:tw.1!1'. 
r l b "HI' llcr~l'!Ol• t!P-1, (l'iodt(led rl" l'i\Frl1 ( 19]) 

2'50 



~\,lm,IQI fml:1\IJ-a, 
""2-!n nv,p; lrid111 

ndlnedl frOClWI 

i-..-- nclln•d •~ 
I ~·Ill ll'ICD w ldll'I 

Loc.o!IOn 3 
Harl!-0111a1 lilKrvN, 

1 V, -111 mti wtdm 

----~-=---=:!~-~------1,. l••runo,. "'dlf'; 
I Coal 

mm wldlb I V~tc~~~1:.eon:itrll par11cl 

Locmicm 2 4~·~11 

.& 1111111 wid Ill 
~ l.,,oca1IOIII al IITli21 I 
• plffamlan:a '" qi1,2ni;a 

HWllt I. ·- Cl'O!UI .JI..CUO!I! or aJAI ra.oe •t i--anoi. JV,,,,2 Ill th f'racr. Ii" I 
ar-Lut1.t~Ol'UI, [)!1ollLCL•II C°l"'MI l,aDri:. [Ill ]l 

·~· a,. 
~r- ""-· D ,a , 
l:IIII ~ l..ca. i - .. "11'-1 -... 
~ ,:;,... • ""· !I ~ 

rICVJli ~- - !'l!rur a.i.p, bora11D1e 1111"-1 't.llro11an r-'!. wtt:Jn flm"Lii2n~1 1 
o,.L~LbutLa~ or ?JIL~~ o~ ~ocir t,9). 

D1 g 



UlE'l1 
c:::zJ - • •·t 
c:mi 0..- • llfl-:1! -- 0 

c::::J ~ . ... , !.r::& --
HCURE ,a. - 111.1,w a•p. ~.nolm a,.-, t.nra111111,-3, 1o,1t.t1 hllrl~nt.al 

d.Ht.l"Ulw~Lon rtf pa1"1 and is.ana. ol\ ~I> rd' al'!~• par-t..l_a,a 
l19 ]. 

u:­,----.-­_.._ __ 
--"'--!!.- .............. ........... __ _ 

-E»4 
0 

~ 

"hi 
I 

I 

I 

L 

' 



~l .$ == Sbclll 

~ ==Stiel 

Safld fllled 

Coa1bed 
io 

l_ _---- ----Floor - ---- --------- ----- --- ------·----.. ---------- ________ .._ __ 
Tlr:nli'I~ U . - Cro_n t<n..LCMI r.,f rT•et1r-5 a11 r Lb at 

loaar.2011 I na.:111" IXrH!Dh El'l- 8. 

"N I -
0--1.....,_ -r 

Ill 

Cl 

Q 

. ,. 
B, 

CoGlbed 

- - ---- ----- -- ---- .----- ---~ -----------~..!"flaor-=-~-=----~--- - ~ 

r1C11 t , 1. • ~l"'Qs• • •l!t,on or rr 1.c~r.r· on ri b 1t 

l!M!.l tL ~ ~ n DrC1"11thoL1 DI.:- • 

253 

'in ,._ 
d 

D1 ncl 11 

I ol . p "' fl •,, • • I t • II- ' ... , t '" '"' •,. 
I • I • I : .'.. s d t .. ...,... --· I .. I .r. • . . .. ::- ... .... . '!'1 s one.~-~-,: , •. :.•-t . 

Coalbed Grout filled 

I 
1'2 - In wide .-.... 

S<U'I d fi I led 

l"l Q..ll[t I ! . - Cr I H -Clla on of l'r 1c1. ire 11.:: 

· .. 
1111 

_L 

l QClll:. l on. 7 JIAU' bcrtbo,1-1 PR.-.i! • [ 1 ~ J 

si,01, 

Coalb!id 

r I CUJ1£ 1 i • • 05Ji II i:ll Jn or fl"A C:LUI" I JII I'"[ I). .a'!:. 

I oc.n.o" it ne..- bar erot • El'l-a . 


